Background: Three equine influenza viruses, A/equine/Nador/1/1997(H3N8), A/equine/Essaouira/2/2004(H3N8), and A/equine/Essaouira/3/2004(H3N8), were isolated from different Equidae during local respiratory disease outbreaks in Morocco in 1997 and. Their non-structural (NS) genes were amplified and sequenced.
Background
Equine influenza virus is a highly contagious agent, capable of causing explosive outbreaks of respiratory disease among susceptible horse populations in many countries [1] . Two distinct subtypes of influenza virus, H7N7 (prototype influenza A/equine/Prague/1/56) and H3N8 (prototype influenza A/equine/Miami/1/63), have been recognized in the horse [2, 3] . The first subtype (H7N7) is believed to be extinct and has not been isolated in the horse since 1979. The other subtype (H3N8) was isolated cellular defence system through the synthesis of the interferon protein (IFN) [8] . However, influenza viruses have developed a strategy to antagonize the cellular defences. The non-structural protein NS1 is regarded as the major antagonist of the immune response of the host cells [9] . In most viruses, the NS1 protein consists of 230 amino acids (aa) and the NEP protein of 121 aa [10] . However, a size variability of the NS1 protein was observed, especially in the human and swine viruses [11] . In the case of H3N8 equine influenza virus, truncations have been shown as well as other influenza viruses [12, 13] .
The linear structure of the NS1 protein contains two domains linked by a non-structured region composed of ten amino-acids: The first one is the RNA-binding domain (RBD), representing the N-terminal protein (amino acids 1-73), the second is an effector domain (ED), which represents C-terminal protein (amino acids 74-230) [14] .
The RNA-binding domain has an alpha-helical structure and forms a symmetrical homo-dimer with a unique six-helical chain fold. The effector domain forms a dimer, and each monomer consists of seven beta-strands and three alpha helices [15] . The non-structural protein NS1 contains several interaction domains: the region of binding to dsRNA (residues 1-73), the specific cleavage and polyadenylation specific factor region (CPSF) (residues 175-210), the region of the binding protein (PABP)-II (poly (A)-binding protein-II) (residues 218-225), the region of nuclear localization signal 1 (NLS 1) (residues 34-38), the region nuclear localization signal 2 (NLS 2: nuclear localization signal) (residues 211-216), the region of the nuclear export signal (NES) (residues 132-141), and the region that interacts with subunit regulatory p85-β of phosphatidylinositol 3-kinase (PI3K) (residues 89-93, 137-142 and 164-167) [16] .
The PDZ domain binding is present at the C-terminal of NS1 among equine influenza viruses (H3N8) (sequence ESEV/EPEV), and it is known as a determinant of viral virulence.
In the present study, we report analysis of the partial nucleotide sequence of the NS gene and the NS1 protein for three Moroccan equine influenza viruses: A/Equine/ Nador/1/97, A/Equine/Essaouira/2/2004, and A/Equine/ Essaouira/3/2004, and their genetic comparison with influenza strains (human, equine, swine, avian) available in the GenBank database.
Methods

Viruses
A/equine/Nador/1/97 was isolated in Nador from a mule after four passages on eleven -day-old embryonated specific pathogen-free chicken eggs (ECE4) as described by Kissi et al. (1998) [17] . Both A/equine/Essaouira/2/2004 and A/equine/Essaouira/3/2004 were isolated respectively from an infected donkey and a horse during 2004 outbreaks in Essaouira. The isolates were passaged on Madin Darby Canine Kidney cell line after two passages (MDCK2) at 34 °C in an atmosphere of 5 % CO 2 in Eagle's minimum essential media supplemented with 5 % foetal calf serum.
Viral RNA extraction and amplification
Viral RNA was extracted directly from isolates using a PureLink Viral RNA/DNA Mini-Kit (Invitrogen, Van Allen Way, Carlsbad, California, USA) following the manufacturer's recommended protocol. Complementary DNA was obtained by RT reactions, which were carried out by using a SuperScript III First-Strand Synthesis System (Life Technologies, Carlsbad, CA, USA).
PCR was performed using a Platinum PCR SuperMix High-Fidelity Kit (Invitrogen, Carlsbad, CA, USA) with cDNA obtained using primers specific for NS1F (ATGGATTCCAACACTGTGTC) and NS1R (TCAAACTTCTG(A/G)CTCAATTG) at a final concentration of 0.5 µM for primers. Primer design is detailed by Tissier (2008) [18] and was synthesized by the Unité d' Appui Technique à la Recherche Scientifique, Centre National de Recherche Scientifique et Technique (CNRST), Rabat, Morocco. The assay was performed on the SmartCycler instrument (Cepheid, Sunnyvale, CA, USA), using the following thermocycling protocol: incubation at 95 °C for 2 min, then 35 cycles of denaturation at 95 °C for 30 s, 52 °C for 1 min for hybridization, and 72 °C for 30 s, and a final extension for 3 min at 72 °C.
Sequencing NS Genes and phylogenetic Analysis
The amplified PCR NS products were sequenced. Briefly, the PCR products were purified using EXOSAP-IT (USB Corporation, Cleveland, OH, USA) and bidirectionally sequenced by using BigDye1 Terminator v3.1 (Applied Biosystems, Foster City, Calif. USA) on a 3130xl model sequencer (Applied Biosystems). Analysis of the electro-phoregramm was carried out with the sequencing analysis software version 5.3.1 (Applied Biosystems). We performed phylogenetic analysis of 54 influenza strains (including equine, avian and human isolates) published in GenBank database, selected using the neighbour-joining method with bootstrap analyses of 500 replicates in CLUSTAL W. The tree was visualized using MEGA5.1 software (http://megasoftware. net/) [19] .
Determination of amino acid sequences of NS genes
Multiple alignments of the deduced amino acid sequences were used by Basic Local Alignment Search Tool (BLAST) software. Comparing NS1 protein of Moroccan isolates to the reference strain (A/Equine/ Miami/1/1963), the amino acid substitutions that were involved in both RNA-binding domain (RBD) and effector domain (ED) were determined.
Results and discussion
Partial NS nucleotide sequences of the Moroccan equine influenza isolates (A/equine/Nador/1/1997, A/equine/ Essaouira/2/2004, and A/equine/Essaouira/3/2004) were submitted to the GenBank database, and their accession numbers of NS genes are JX182368, JQ955611, and JQ955614, respectively.
BLAST results
The BLAST result shows that the nucleotide sequences of the NS gene of two strains A/equine/Essaouira/2/2004 and A/equine/Essaouira/3/2004 presents high similarity between them, and towards other old strains like A/equine/Miami/1/1963 (>99 %), A/equine/Uruguay/1/63(99 %), A/eq/LaPlata/1/88 (>99 %), and A/ equine/Fontainebleau/79 (98 %). These strains have circulated before 1990. Since then, the equine influenza viruses have diverged into two antigenically distinct lineages, Eurasian and American. According to several authors, the pre-divergent strains have disappeared and were supplanted by viruses that evolved in lineages and sub-lineages [20] .
The partial nucleotide sequence of the NS gene of A/ equine/Nador/1/97 strain is genetically distant towards the pre-divergent strains. Indeed, it demonstrates high homology to the strains that have circulated in Europe during the 1990s, i.e., A/equine/Newmarket/2/1993 (99 %), A/equine/Avesta/1/1993 (99 %), A/equine/ Grobois/1/98 (98 %), A/equine/Italy/1199/1992 (98 %), and A/equine/Roma/5/1991 (98 %).
Phylogenetic analysis
Data obtained from BLAST was confirmed by the phylogenetic analysis based on 54 nucleotide sequences of the NS gene of influenza A viruses, which were isolated from various species (human, avian, swine, and equine). The NS genes of the Moroccan strains are clustered into a lineage of the equine influenza virus (H3N8) that belongs to the A allele. The two strains, A/equine/ Essaouira/2/2004 and A/equine/Essaouira/3/2004, belong to the pre-divergent phase, while the A/equine/ Nador/1/97 belongs to the Eurasian lineage ( Fig. 1) . Moreover, the sequencing analysis of the HA (accession numbers JQ955607, JQ955609, and JQ955612) of A/ equine/Nador/1/1997, A/equine/Essaouira/2/2004, and A/equine/Essaouira/3/2004, respectively) revealed same data. Such results show that these three strains isolated in Morocco share the same ancestors as the equine influenza (H3N8) virus and that there was no genetic reassortment between co-circulating strains in Morocco [21] .
The data matrix containing 54 taxa and phylogenetic analyses were deposited into TreeBase under accession url: http://purl.org/phylo/treebase/phylows/study/ TB2:S18066.
Comparison analysis of amino acids alignment
Compared to the reference strain A/equine/ Miami/1/1963, the sequences of amino acids of the NS1 protein of the strain A/equine/Nador/1/1997 have 12 substitutions: D/24/N, R/44/K, S/48/I, R/67/Q, A/86/V, E/139/K, A/112/T, E/186/K, L/185/F, A/223/E. S/213/T, and S/228/P. These mutations occurred in both RNAbinding and effector domains (Fig. 2) .
The D/24/N substitution occurred in a changing region of the RBD (19 to 28) of the NS1 protein of influenza viruses [22] . This mutation may not affect the structure of the NS1 protein RNA binding domain or its activity. This finding is confirmed by the virulence of the A/equine/ Nador/1/1997 strain, which caused severe respiratory signs among naturally infected mules. The same substitution was also reported by Parveen and Asad (2010) [23] concerning the human strain A/North Dakota/04/2009 (H1N1) (ACR67137).
The three mutations (R/44/K, S/48/I, and R/67/Q) revealed on the RBD do not seem to affect virulence, because they do not concern the following residues: Thr-5, Pro-31, Asp-34, Arg-35, Arg-38, Lys-41, Gly-45, Arg-46, and Thr-49, which are closely linked to the activity of the NS1 protein. Several authors have reported that these nine amino acids are the key residues of RBD activity [9, 10, 24] .
Mutations that occurred on the effector domain were reported in several sites recognized as having functional roles. In fact, mutations at residues A/86/V and A/112/T occurred in a specific region of the eIF4GI protein (81 to 113), and they participate with the protein PABPI in the initiation of mRNA viral translation [25, 26] .
The binding of the protein CPSF30 (cleavage and polyadenylation specific factor) inhibits the maturation of ., No mutation compared to the reference strain; -, Amino acid residue is not available cellular pre-mRNA. This link is provided by amino acids 144, 184, and 188 (186 region) [15, 27] . It appears that both L/185/F and E/186/K mutations may not reduce the affinity of NS1 to CPSF30 protein, and consequently do not inhibit viral replication. Three substitutions, E/139/K, S/213/T, and A/223/E, were reported in domain activity of nucleocytoplasmic distribution in the cell of the NS1 protein. The E/139/K mutation is located at the nuclear export signal region (NES: nuclear export signal) (residues 132-141) [16] . Furthermore, similar mutations at this residue were also observed for the NS1 of the following strains: N/139/E (A/equine/North Carolina/152429/2002, ACZ47169); and E/139/A (A/equine/Xuzhou/01/2013, AHA98359) (Fig. 2) . The two mutations, S/213/T and A/223/E, occurred at nuclear localization signal (NLS2) and PAB-PII domains, respectively. NLS2 is defined within the region between amino acids 213 and 221. This domain is present in the NS1 proteins of most influenza A virus strains. However, several substitutions affecting it were noticed, such as: S/213/T (i.e.,: A/equine/Nador/1/1997, AFN69204 and A/equine/Aboyne/1/2005, ACH95651), and P/214/S (i.e.,: A/equine/Cheshire/1/2007, ACH95645). However, nuclear localization signal 1 (NLS1) contains the stretch of basic amino acids AspArg-Leu-Arg-Arg (codons 34 to 38). This sequence is conserved in three Moroccan strains as all NS1 proteins of influenza A viruses [28] . It appears that the substitution occurred in NLS2 do not seem to interfere with the nuclear localization of NS1 protein; because the intracellular localization is regulated by one or two nuclear localization signals (NLS) and a nuclear export signal (NES) [29] .
Multiple comparisons of the NS1 protein of 27 equine influenza viruses show that the mutations D/24/N and E/139/K characterize the A/equine/Nador/1/1997(H3N8) strain, while the A/86/V and S/213/T mutations are shared with several European lineage strains. However, the eight substitutions (R/44/K, S/48/I, R/67/Q, A/112/T, E/186/K, L/185/F, A/223/E, and S/228/P) are present in various equine influenza viruses (H3N8) belonging to different phases of evolution (pre-divergence and the American and European lineages) ( Table 1) .
The NS1 protein of both strains of Essaouira presents an identical sequence of them. Therefore, compared to reference strain A/equine/Miami/1/1963, the carboxyl terminus of the NS1 proteins shows a common mutations regarding substitution S/228/P. Moreover, the PDZ-binding sequence, Glu-Pro-Glu-Val (EPEV) motif appears in both avian as well as swine, human and equine viruses.
In addition, the presence of the EPEV sequence in the NS1 protein of three equine Moroccan strains is an indicator of virulence [30] . This sequence, present at the C-terminus of NS1 of the H5N1 virus (sequence ESEV/ EPEV) and the H1N1 pandemic of 1918 (sequence KSEV) but absent among seasonal human viruses, establishes binding with the PDZ domains [31] . The ESEV sequence is common among avian viruses. Its presence in NS1 of the A/equine/Miami/1/1963(H3N8) strain is related to its ancestral avian virus, which infected horses of North America in 1963 [32] , while the S/228/P mutation observed in the three Moroccan strains is considered to be an adaptation of avian influenza viruses (H3N8) origin to the new equine host [33] .
Conclusion
The study of NS1 sequences of three Moroccan strains shows that all mutations are not produced at the key residues of RBD (RNA-binding domain) and ED (effector domain) domains, and therefore do not appear to affect the potency of inhibition of cellular factor defences, and their virulence.
